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The compounds of the present invention have an antiproliferative affect on celt division and are thua in- 
dicated for use In the treatment of diseases where excess cell proliferation or protease release is an important 
aspect of the pathology. Therefore, the compounds are useful in treating diabetic complications and restenosis. 

Diabetic complications, including diabetic retinopathy, nephropathy, and neuropathy are largely the result 
5 of abnormalities in microvascular function. Changes In vascular function include increased blood vessel per- 
meability and altered blood flow. These changes precede the development of the clinical symptoms of diabetic 
complications. 

The later stages of diabetic retinopathy and proliferative vitreoretinopathy are characterized by the growth 
of new blood vessels, or angiogenesis. One of the early events in angiogenesis is secretion of proteases in- 
to volved in the dissolution of the basement membrane. These proteases include the plasminogen activators, pro- 
collagenase and prostromelysin. Plasminogen activators such as urokinase (uPA) and tissue plasminogen ac- 
tivator (tPA) are serine proteases which cleave the zymogen plasminogen to generate the active serine pro- 
tease plasmin. Piasmin can influence basement membrane integrity directly through cleavage of basement 
membrane components or Indirectly through cleavage of procollagenase and prostromelysin to generate active 
15 collagenase and stromelysin. The resulting dissolution of the basement membrane allows the endothelial cells 
to escape from the microvessel and begin the neovascularization process. 

Increased plasmin formation also has several ramifications in terms of the permeability of the diabetic mi- 
crovessel. Plasmin can directly degrade basement membrane components or can activate stromelysin, thus 
directly or indirectly influencing the normal turnover of heparin sulfate proteoglycan (HSPG). Because HSPG 
20 is involved in blood vessel permeability as well as growth control, this enhanced degradation of HSPG may 
result in its depletion from the membrane with resultant increased vessel permeability. 

Microvascular dysf unctions arise through this abnormal activation of endothelial cells which is mediated, 
in part, through protein kinase C (PKC)-regulated pathways. See MacGregor, et al., J Clin Invest , 83: 90-94 
(1988); Lee, et al., Proc. Natl. Acad. ScL. 86: 5141-5145 (1989). 
25 Agents that block or reverse the activation of endothelial cells and inhibit the alterations in microvessel 
function will have a beneficial effect in terms of preserving normal structure and function in the tissues affected 
by the complications of diabetes. The agents will Improve the quality of life and longevity of diabetics. 

Restenosis remains a major long term complication following surgical intervention of blocked arteries by 
percutaneous transluminal coronary angioplasty (PTCA), atherectomy, laser angioplasty and arterial bypass 
30 graft surgery. In about 35% of the patients who undergo PTCA, reocclusion occurs within three to six months 
after the procedure. The current strategies for treating vascular restenosis include mechanical intervention by 
devices such as stents or pharmacologic therapies including heparin, low molecular weight heparin, coumarin, 
aspirin, fish oil, calcium antagonist, steroids, and prostacyclin. These strategies have failed to curb the reoc- 
clusion rate and have been ineffective for the treatment and prevention of vascular restenosis. See "Prevention 
35 of Restenosis after Percutaneous Transluminal Coronary Angioplasty: The Search for a 'Magic Bullet," Her- 
mans etal., American Heart Journal 122: 171-187 (July 1991). 

Restenosis is characterized by the migration and proliferation of smooth muscle cells in response to injury. 
Agents that inhibit the proliferation of smooth muscle are useful in the treatment and prevention of restenosis. 
The present invention discloses compounds useful in treating diseases in mammals where excess cell pro- 
40 Hferation is an important aspect of the pathology. Accordingly, the present invention provides compounds of 
the Formula I: 
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This invention further provides the use of these compounds in the treatment of diabetic complications and 
restenosis. 

This invention provides a method of treating an immune disease or a disease in which excess cell prolif- 
eration or protease release occur, which comprises administering to a patient in need of treatment an effective 
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amount of a compound of trie Formula I: 




(i) 



wherein n and m are independently 0, 1 or % 

R, Is halo, trifluoromethyl, C r C 4 alkoxy, hydroxy, nitro, C,-C 4 alkyl, C r C 4 alkylthio, hydroxy-C^ alkyl hy- 
droxy-cyc, alkoxy. trifluoromethoxy, carboxy, -COOR5 where Rg is an ester group, -COR«, -CONFLR 7 or 
-NR«R 7 where Ro and R 7 are each hydrogen or C,-C 4 alkyl; k, 
20 R 2 is halo, trifluoromethyl, C r C 4 alkoxy, hydroxy, nitro. C,-C 4 alkyl, C r C 4 alkylthio. hydroxy-d-C* alkyl hy- 
droxy-C t -C 4 alkoxy, trifluoromethoxy, carboxy. -COORa where R« is an ester group, -COR* -CONR 9 Rj 0 or 
-NRaRto where R^ and R 10 are each hydrogen or C r C 4 alkyl; 
R3 is nitrile, carboxy or -COOR,, where R„ is an ester group; and 

R4 is -NR 12 R 13 , -NR 12 COR 13 , -N(COR 12 ) 2 or -N=CHOCH 2 R 12 where R 12 and R 13 are each hydrogen or C r C 4 
25 alkyl, or 4 

O 
II 

30 M ^ \ v 



35 where X is C r C 4 alkylene, or optionally substituted 1 -pyrrolyl; and salts thereof. 

Accordingly, this invention also provides a method of treating diabetic complications, which comprises ad- 
ministenng to a patient in need of treatment an effective amount of a compound of the Formula I. 

This invention further provides a method of treating restenosis which comprises administering to a patient 
in need of treatment an effective amount of a compound of the Formula I. 
40 Also provided are pharmaceutical formulations comprising a compound of the Formula I and one or more 
pharmaceuticaliy acceptable carriers, diluents, or excipients therefor. 

The above compounds are novel with the following exceptions. Therefore, this invention further provides 
compounds of formula (I) above, provided that 

i) when m is 0. R 3 is nitrile and R, is -NH 2 , n is not 0 and -(R,),, is not 2-fluoro, 2-chioro, 2-methoxy 3- 
45 flubro. 3-nitro, 4-methyl, 4-methoxy or 3,4-dimethoxy, and 

ii) when m is 0. R3 is -COOC^s and R 4 is -NH 2 , n is not 0 and -(R,),, is not 2-fluoro or 2-chloro. 

In the above formula (I), halo is. for example f luoro, chloro or bromo. A C r C 4 alkyl group includes for ex- 
ample, methyl, ethyl, propyl and butyl, and is preferably methyl or ethyl. A C r C 4 alkoxy group is one such alkyl 
group linked through oxygen to an aryl nucleus, and a alkylthio is an alkyl group linked through sulphur 
so A hydroxy alkyl and hydroxyalkoxy are preferably of the formula HCKCH^ and HOfCH^O-, respectively 
where x is 1 to 4. , 

When n is 1 or 2 and there are one or two substituents on the naphtho nucleus, they can be at any of the 
positions 7 to 10, and when there are two substituents they can be the same or different It is preferred that 
the naphtho nucleus is unsubstituted or that it bears a single substituent 
& When R, is -COOR* R6 is an ester group and is preferably C r C 4 alkyl, especially methyl or ethyl, and 

when R 2 is -COOR*,, Rg is preferably C r C 4 alkyl, especially methyl or ethyl. 

The group R3 is preferably nitrile. but it can alsobe carboxy and -COOR^ where R„ is any ester group 
and is preferably d-C 4 alkyl. especially methyl or ethyl. 
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The group is preferably -NH 2 . When R4 is 1-pyrrolyl, it can be substituted by, for example, one or two 
C r C 4 alkyi, carboxy, hydroxy-C^ alkyl or -CHO groups. 

A preferred group of compounds for use in the method of the invention is of formula (I) above wherein n 
and m are independently 0, 1 , or 2; 
Ri is halo, nitro, trif luoromethyl or alkoxy; 

R 2 is hydroxy, carboxyl or C,-C 4 alkoxy and is attached at any of the positions 7, 8, 9, or 10; 
R 3 is nitrile; and 
R4 is NH 2 . 

An especially preferred group of compounds for use in the method of the invention is of the formula 




C=N 



where R u is 3-nitro, 3-halo or 3-trif luoromethyl. 

It will be appreciated that when, for example R„ R 2 or R3 is -COOH, an opportunity exists for salts to be 
formed. They can be derived from any of the well known bases. Examples of base salts are those derived from 
ammonium hydroxide and alkali and alkaline earth metal hydroxides, carbonates and bicarbonates, as well as 
salts derived from aliphatic and aromatic amines, aliphatic diamines and hydroxy alkylamines. Bases espe- 
cially useful in the preparation of such salts include ammonium hydroxide, potassium carbonate, sodium bi- 
carbonate, lithium hydroxide, calcium hydroxide, methyfamine, diethylamine, ethylene diamine, cyclohexyla- 
30 mine and ethanolamine. The potassium, sodium and lithium salt forms are particularly preferred. 

In addition to pharmaceutically-acceptable salts, other salts are included in the invention. They may serve 
as intermediates in the purification of compounds or in the preparation of other, for example pharmaceutically- 
acceptable, acid addition salts, or are useful for identification, characterization or purification. 

It will be appreciated that the compounds of the invention contain an asymmetric carbon atom which gives 
rise to enantiomers. The compounds are normally prepared as racemates and can conveniently be used as 
such, but individual enantiomers can be isolated by conventional techniques if so desired. Such racemates 
and individual enantiomers form part of the present invention. 

The synthesis of certain phenyl-substituted naphtho [2,1-b] pyrans is described by Fathy Fahim Abdel- 
Latif ln Indian Journal of Chemistry. 29B, 664-666, (1990), and Elagamey et al. f Collection Czechoslovak . 
to Chem. Common., 53, 1534-1538. (1988), Sharanin et al., Zhurnal Orqanicheskoi Khimii . 18, 9, 2003-2005 
(1 982) and Wokol et al. Zhurnal Organ icheskoi Khimii 23. 2, 412-421 (1 987). No biological properties or activity 
are ascribed to the compounds disclosed. 

The invention also comprises a process for producing a compound of formula (I) above, which comprises 
(1) reacting a compound of the formula 




with a compound of the formula 



"3 r ~\ 

y=cH—p \ an) 

NC \=/> 1 ) n 
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to give a compound of formula (I) in which is -NH 2l or 
(2) converting a compound of the formula 




(IV) 



20 



-< C > 

II 

o 

With regard to process (1), the reaction is preferably carried out at a temperature of from 0° C. to 1 00« C 

or Z I 6 nT 06 Z an °T? C S ° IVem ' SUCh 3S ' f0f example ' ethano1 * Compounds of formula (II) are known 
or can be easily synthesized by known methods. 

The reactants of formula (III) can be prepared by reacting the appropriate nitrile of the formula 

R 3 CH 2 CN 

with an aldehyde of the formula 

Ta te ? eratUre * ,nm *°° C - 10 100 ° C " in ,he * a " "Sanlc base as catalyst such as 

r Zld ,7^™" "I 8 " ° r9aniC SOlVent ' SUCh as to «W»»nol. The reactants of formula 

i™ ? ^ T 68 US6d direCOy in reaction of formula <")• ^ ni,rite aldehyde reactants 

are known compounds or can be made by methods known in the art ""ams 
With regard to process (2). the free enamine of formula (IV) can be prepared by reaction (1 ) and subse- 

„,h; oii„ j ^ f. 0 ! . ° r R,sX where X 18 hak> 9en. or (R 12 )2SO« or (R,a) 2 S0 4 to give the mono- 

sue! as^lS^rf ™ n / am " , ° 9, ° UP 030 be aCylated with an ac * hallde » an acid «Hydrtda 
whS, rl fe^HOCH R 9IVe r^"" 8 Wh ' Ch 18 " NHC0R « 0r - N ( C0R ^- Compounds in 

» 2 P ^ by reaCti ° n With the «W"P«W» trialkyl orthoformate. When R, is 1- 

pyirolyl. rt can be prepared by reaction of the appropriate optionally substituted furan 

As previously Indicated these compounds are useful for the treatment of diabetic complications Theac- 
S^ls. COmP ° * ^ Present i " ventton was '"rough in vitro studies using acth^ted endt 

Retinal capillary endothelial cell cultures were initiated from bovine eyes using a modification of the pro- 

trfr^o 7 T *r*?" ° Phtha,m " lnqv and 2* 470-483. Bovine eyes were 

transported on ice from a local abattoir. Extraocular muscle was trimmed from the eye. and the eye bisected 
postenor to me ora serrata. The vitreous and anterior portion of the eye were discarded, and the neuro-retina 

*^Tl?r?, ,ro T B posterior eyecup - 11,6 retinas f 20 •»*» ™* 

strokes of a Teflon/glass homogenizer) in Hank's saline. The homogenate was passed through alsOp filter 
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to remove large debris and a 210u filter to remove large vessels. The microvessels were trapped on a 85u 
filter. The microvessels were resuspended in Hank's saline and digested with 7.5 mg/ml bacterial collagenase 
(Boenngher Mannheim, Indianapolis) in Hank's saline for 1 hour at 37« C. The cells were pelleted by centrifu- 
gation (100xg, 10 min), resuspended in 5 ml Endothelial Growth Media (EGM, Clonetics) and seeded in a ge- 
latin-coated T-25 flask. After 24 hours the cells were trypsinized and replated in a gelatin coated T225 At 7 
days and again at 14 days the cultures were labeled with acetylated lipoproteins labeled with the fluorescent 
probe (1,1-dtoctadecyl-3,3.3 ? 3,-tetramethy|.indocarbocyanine perchlorate). The endothelial cells were sepa- 
^ e ^^ c ^ tam,nat,n 9 ce» types using a fluorescent cell sorter as described in Voyta et al. ( J. Cell Biology . . 

Retinal capillary endothelial cells were seeded Into 96-well plates and grown to confluence (105 cells/well) 
m EGM containing 1 0% fetal bovine serum (FBS). The media was changed to Dubecco's Modified Eagle's Me- 
dium with 10% fetai bovine serum 24 hours prior to the assay. The cells were treated with 50 nM 4-b phorbol 
12.13-d.butyrate (4-b PDBu) to activate PKC and produce the activated endothelial phenotype characteristic 
of the diabetic state. The activated ceils were treated with a series of dilutions of the test compounds The 
phorbol esters and the.test compounds were dissolved in DMSO before adding to the culture media. The cul- 
tures were incubated at 37- C for 48 hours. Following treatment, the cells were lysed with 25mM NH.OH in 
0.5% tritonX-100. 

The activation of bovine retinal capillary endothelial cells was monitored through alterations in cellular plas- 
minogen activator (PA) activity in the cell lysates. Plasminogen activator activity was determined in a 50 ul 
aliquot of cell lysate using the synthetic substrate H-D-valyl-L-leucyl-lysine-p-nitroaniiine dihydrochioride 
(Kabi). . 

Treatment of confluent bovine retinal capillary endothelial cells for 48 hours with PDBu resulted in a 12 
fold increase in PA activity associated with the ceil layer and a 12 fold increase in PAreleased into the media 
There was also a two fold increase in cell number. This increase in activation occurred only after treatment 
with phorbol esters known to activate PKC (4-b PDBu. 4-b PMA, but not 4-a PDBu. 4-a PMA). No cleavage of 
the synthetic substrate was observed when plasminogen was omitted from the assay mixture, indicating that 
the increase in activity observed in phorbol treated cultures was restricted to activators of plasminogen Dose- 
response curves generated for 4-b PDBu and 4-b PMA indicated of 50 nM and 5 nM respectively. Elevated 
PA activity was observed only after prolonged (at least 8 hours) stimulation with phorbol esters. The PA activity 
continued to increase in a time and dose dependent manner for up to 72 hours, but constant stimulation with 
phorbol ester was required to maintain endothelial cell activation. Removal of the phorbol ester resulted in a 
rapid return of PA activity to normal levels. . 

Cell toxicity was determined in a parallel series of cultures using a neutral red assay. Borenfreund E and 
Puerner, J, J. Tlss. Cult Meth. 9: 7 (1984). The effectiveness of the present compounds to inhibit endothelial 
cell activation was found to be distinct from cell toxicity. In general, the compounds of the present invention 
were shown to be effective in inhibiting the endothelial ceil activation induced by phorbol esters. Table 1 dis- 
closes the PA EDso value in this model for representative compounds. The in vitro endothelial cell model was 
correlated with in situ and in yjyo activities by the following models. 

The granulation tissue chamber model evaluates in situ the compound's ability to block the increase in 
blood flow and permeability induced by high glucose. In this model, circles of skin are removed from the backs 
of normal rats and stainless steel screw-cap chambers are mounted. New granulation tissue is formed within 
the chambers. Addition of 30-35 mM glucose (0.5 ml) twice daily to the chambers for 7 days induced a vascular 
dysf unct.on similar to that of diabetes-that is there is an increase in blood vessel permeability and an increase 
in blood flow. Blood flow is measured through the use of radiolabeled microspheres, and permeability is quan- 
tified using a dual label technique with iodinated albumin <i*W*|). Details of the model can be found in Tilton 
etaL, Diabetes 38: 1 258-1270 and Williamson, et al., J. Clin. Invest. 85: 1167-1172. Representative compounds 
are dissolved in DMSO and diluted in a balanced salt solution to achieve a final concentration of 20 or 50 uM 
The granulation chamber tissue is treated twice daily for 7 days to determine their effects on glucose-induced 
vascular dysf unction. Addition of 30-35 mM glucose to the granulation chamber induced a vascular dysfunction 
characterized by increased vessel permeability and increased blood flow. 

The streptozotocin-induced diabetic rat model evaluates m yjyo the compound's ability to block the micro- 
vascular dysfunction associated with streptozotocin-induced diabetes. Rats are made diabetic with an injection 
of streptozotocin, and the rats are fed ad libitum with a diet containing 0.1% of a representative compound 
Blood flow is measured through the use of radiolabeled microspheres while permeability is quantified using 
a dual label technique with iodinated albumin Details of the model can be found in Tilton et al Dia- 
betes 38: 1258-1270 and Williamson et al., J. Clin. Invest. 85: 1167-1172. " 

Furthermore, compounds of the invention have been shown to inhibit vascular smooth cell proliferation 
This has been demonstrated by using cultured smooth cells derived from rabbit aorta, proliferation being de^ 
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termined by the measurement of DNA synthesis. Cells are obtained by explant method as described in Ross 
J. of Cell Bio. 50: 172 (1971). Cells are plated in 96 well microliter plates for five days. The cultures become 
confluent and growth arrested. The cells are then transferred to Dulbecco's Modified Eagle's Medium (DMEM) 
containing 0.5 - 2% platelet poor plasma, 2 mM L-glutamine, 100 U/ml penicillin, 100 u.g ml streptomycin, 1 
uC/ml 3 H-thymidine, 20 ng/m( platelet-derived growth factor and varying concentrations of the compounds. 
Stock solution of compounds is prepared in dimethyl sulphoxide and then diluted to appropriate concentration 
(0.01 - 1 0 ug/ml) in the above assay medium. Cells are then incubated at 37° C. for 24 hours under 5% CCV95% 
air. At the end of 24 hours, the cells are fixed in methanol. 3H thymidine incorporation in DNA was then deter- 
mined by scintillation counting as described in Bonin et al., Exp. Cell Res. 181 : 475-482 (1989). 

Inhibition of smooth muscle cell proliferation by the compounds of the invention is further demonstrated 
by determining their effects on exponentially growing cells. Smooth muscle cells from rabbit aortae are seeded 
in 12 well tissue culture plates in DMEM containing 10% fetal bovine serum, 2 mM L-glutamine, 100 U/ml pen- 
icillin, and 100 ug/ml streptomycin. After 24 hours, the cells are attached, the medium is replaced with DMEM 
containing 2% platelet poor plasma, 2 mM L-glutamine, 100 U/ml penicillin, 100 ug/ml streptomycin, 40 ng/ml 
platelet-derived growth factor and indicated concentrations of the compounds. Cells are allowed to grow for 
four days. Cells are treated with trypsin and number of cells in each cultures is determined by counting usino 
a ZM-Coulter counter. 

Activity in the above tests indicates that the compounds of the invention are of potential in the treatment 
of restenosis. Table 1 discloses the IC*, value of representative compounds tested in the 3H-thymidine incor- 
poration model. Thus the invention specifically provides a method of treating restenosis, which comprises ad- 
ministering to a patient in need of treatment an effective amount of a compound of the formula (I). 

The compounds may be administered by various routes, for example, by the oral or rectal route, topically 
or parenteral^, for example by injection, being usually employed in the form of a pharmaceutical formulation. 
Such formulations form part of the present invention and are prepared in a manner well known in the pharma- 
ceutical art and normally comprise at least one active compound in association with a pharmaceuticaily-ac- 
ceptable diluent or carrier. In making the formulations of the present invention, the active ingredient will usually 
be mixed with a carrier, or diluted by a carrier, and/or enclosed with a carrier which may, for example, be in 
the form of a capsule, sachet, paper or other container. Where the carrier serves as a diluent, it may be solid 
semi-solid, or liquid material which acts as a vehicle, excipient or medium for the active ingredient Thus, the 
composition may be in the form of tablets, lozenges, sachets, cachets, elixirs, suspensions, as a solid or' in a 
liquid medium, ointments containing, for example, up to 10% by weight of the active compound, soft and hard 
gelatin capsules, suppositories, injection solutions and suspensions and sterile packaged powders. 

Some examples of suitable carriers are lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum aca- 
cia, calcium phosphate, alginates, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyl- hydroxy- 
benzoate. talc magnesium stearate and mineral oil. The formulations of the injection may, as is well known in 
the art, be formulated so as to provide quick, sustained or delayed release of the active ingredient after ad- 
ministration to the patient 

Where the formulations are in unit dosage form, it is preferred that each unit dosage form contains from 
5 mg to 500 mg, for example, from 25 mg to 200 mg. The term 'unit dosage form' refers to physically discrete 
units suitable as unit dosages for human subjects and animals, each unit containing a predetermined quantity 
of actwe materiaJ calculated to produce the desired therapeutic effect, in association with the required phar- 
maceutical carrier. 

The term "effective amount* as used herein, means an amount of a compound of the present invention 
which is capable of inhibiting, blocking, or reversing the activation or proliferation of cells. The activity con- 
templated by the present methods includes both medical therapeutic and/or prophylactic treatment, as appro- 
pnate. The specific dose of a compound administered according to this invention to obtain a therapeutic and/or 
prophylactic effects will, of course, be determined by the particular circumstances surrounding the case, in- 
cluding, for example, the compound administered, the route of administration, and the condition being treated. 

The compounds are effective over a wide dosage range and, for example, dosages per day will normally 
fall within the range of from 0.5 to 300 mg/kg, more usually in the range of from 5 to 100 mg/kg. However it 
will be understood that the effective amount administered will, be determined by the physician in the light'of 
the relevant circumstances including the condition to be treated, the choice of compound to be administered 
and the chosen route of administration, and therefore the above dosage ranges are not intended to limit the 
scope of the invention in any way. 

The term "treating" includes the administration of a compound of the present invention to prevent the onset 
of the symptoms, alleviating the symptoms, or eliminating the disease, condition or disorder. 

In the treatment of restenosis, the administration of a compound of the invention may be local or systemic 
delivery. Systemic delivery includes techniques that introduce the compound to the entire organism. Examples 
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of systemic delivery include oral and intravenous administration. 

The local delivery of a compound of the Invention may be by a variety of techniques which administer the 
compound I * ornear the proliferative site. Examples of local delivery techniques are not intended to bellmiting 
but to be illustrative of the techniques available. Examples. include local delivery catheters, site specific ear- 
ners, Implants, or direct injection. »H=w'«.w«r 

Local delivery by a catheter allows the administration of a pharmaceutical agent directly to the proliferative 

i^^H^T deliVery U8 ' nfl 8 ball0on catheter bribed in EP 0 383 492 A2 and U.S. Patent 

4,636,195 (Wolinsky, 13th January 1987). 

Local delivery by an implant describes the surgical placement of a matrix that contains the pharmaceutical 
agent Into the proliferative lesion. The implanted matrix releases the pharmaceutical agent by diffusion chem- 
ical reachon. or solvent activators. Langer, Science 249: 1527-1533 (September 1990). An example of local 
delrvery by an implant .s the use of a stent Stents are designed to mechanically prevent the collapse and re- 
ocdusmn ol the coronary arteries. Inccfporatingapharmaceuticalagentinto the stentdelivere the dmg directly 
TcT^^f. 6 SitB - L0Cal deHV8ry * thiS t6chnlque 13 descrlbed in ^n. Pharmaceutical Technnlnnv 
(October 1 990) A second example is a delivery system in which a polymer that contains the pharmaceutical 

h THe P ° lymer We9 10 f0m the implan, m Sit"" This technique 

Is described in PCTWO 90/03768 (Donn, 19th April 1990). Another example is the delivery oflpharmaceutical 
fnffl y p * | y me " c K en 1 dolumi "f 1 «•■»»■■ This technique uses a catheter to apply a polymeric implant to the 
J£f h T 6 "' n * P harmaceutical a 9"n« incorporated into the biodegradable polymer implant 

is thereby released at the surgical site. It is described in PCT WO 90/01969 (Schindler. 23 August 1989) A 

e ?I toCal deMVefy " y a " imP ' ant i8 by direct lnjection of vesides <* "^Particulates into the pro- 
liferative site. These microparticulates may be composed of substances such as proteins, lipids, carbohydrates 
or synthetic polymers. These microparticulates have the pharmaceutical agent incorporated throughout the 
m.croparticle or over the microparticle as a coating. Delivery systems Incorporating microparticulates are de- 
serted ,n Lange, Saence 249: 1527-1533 (September 1990) and Mathiowitz. et al., J. App. Polv. Sci .. 26: 809 

Local delivery by site specific carriers describes attaching the pharmaceutical agent to a carrier which will 
drrect or hnk the drug to the proliferative cells. Examples of this delivery technique include the use of carriers 
suehasaprtrteinljgandoramon^lonalantibody ora membrane ar«:hored linker. Lange. Scjence 249: 1527- 
30 1533 (September 1990); Langworth, Genetic Engineering IM«ws (Rapta^h^, loon) 

Local delivery by direct injection describes injecting fine particles of the compound suspended in an inert 
carrier such as sterile saline solution directly into the proliferative region. 

The examples of local delivery are merely illustrative and are not mutually exclusive. For example the 
35 fnjectton * *° ** Pro ' iferatlve 8m00th musd9 091,8 "»» be bv a '°cal delivery catheter or direct 

arf J!^ 398 °i ?K C °T Un , d ° Mhe " 1Venti0n fW ,rBatment of restenosls is ^Pendent upon the method of 
administration and the particular circumstances of the patient An effective amount is an amount sufficient to 
mhibit the migration and proliferation of vascular smooth muscle cells. The preferred dosage range is defined 
to be about 1 ug/day to about 500.000 ug/day delivered at or near the proliferative site 
<° The preparation of representative compounds of the present invention is illustrated by the following prep- 
arations and Examples. . »K .K- 

PREPARATION 

45 2-Fluorobenzylidenemalonitrile 

2-Ruorobenzaldehyde (15.8 ml) was dissolved in ethanol (100 ml) and to the stirred solution was added 

n (9 ;! 9) -. The Splutlon " ""'^ to reflux . *• "eating discontinued and piperidine (4 drops) was 

Slt.f^ e ^ <WU t I ? a f, i0 l had dlmini8hedl lhe S0lu,i0n was heated for 15 minutes a « d then chilled. 
Crystals of product were filtered off and washed with ethanol, m.p. 122° C. 



20 



25 



so 



EXAMPLE 1 



2-Amino-4-(3-n ltrophenyl)-4H-naphtho-f2.1-blpyran-3-carbonitrile 

3-Nitrobenzaldehyde (7.6 g) and malononitrile (3.3 g) were dissolved in ethanol (40 ml) by heating under 
reflux^ Once crystals of mtermediate 3-nitrobenzylidenemalononitrile were apparent, 2-naphthol (7 2 a) was 
added, flowed by piperidine (5 ml). The solution was heated for one hour and then left to stir at ambient tem- 
perature for 24 hours. The solid was filtered off, washed with ethanol and dried, m.p. 237" C. 
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EXAMPLE 2 

2-Amino-4-(3-nitrothenyl)-4H-naphtho[2,1-b}pyran-3-carfaonitrile 

2-Naphthol (3.3 g) was dissolved in ethano! (44 ml) with stirring. 3-Nitrobenzylidenemalononitrile (4.5 g) 
was added, followed by piperidlne (2.3 ml). The solution was stirred at ambient temperature for 45 minutes, 
and a solid deposited during this time. The product was filtered off and washed with ethanol. Recrystallization 
from isopropanoi gave cream crystals, m.p. 238-241 ° C. 

Similarly prepared were: 

EXAMPLE 3 

2-Amino^4-nitrophenylHH-naphtho[2 f 1-b]pyran-3-carbonitrile, m.p. 170-172° C. 
EXAMPLE 4 

2-Amino-4-(2-nitrophenyl)-4H-naphthoI2,1-b]pyran-3-carbonitrile, m.p. 284.5-286° C. 
EXAMPLE 5 

2-Amino-4-(3-bromophenyl)-4H-naphtho[2,1-b]pyran-3-carbonitrile ) m.p. 222-224° C. 
EXAMPLE 6 

2-Amino-4-(3-chlorophenyl)-4H-naphtho[2,1-b]pyran-3-carbonitri]e, m.p. 237.5-239° C. 
EXAMPLE 7 

2-Amino-4-(3-fluorophenyl)-4H-naphtho[2,1-b]pyran-3-carbonitrile, rap. 272.5-274° G. 
EXAMPLE 8 

2-Amino-4-(4-fluorophenyl)-4H-naphtho[2 ( 1-b]pyran-3-carbonitrile, m.p. 230-232.5° C. 
EXAMPLE 9 

2-Amino-4-(2-fIuorophenyl)-4H-naphtho[2 f 1-b]pyran-3-carbonitrile, m.p. 292-294.5° C. 
EXAMPLE 10 

2-Amino-4-{3-(trifluoromemyl)phenyl]-4H-naphthoI2,1-b]pyran^ m.p. 197-199° C. 

EXAMPLE 11 

2-Amino-3^yano-4-(3-nitrophenyl>-4H-naphtho[2,1-b]pyran-7-carboxylic acid, m.p. >295° C. 
EXAMPLE 12 

2-Amino-10-hydroxy-4-(3-nitrophenyl)-4H-naphthol2 f 1-b]pyran-3-carbonitrile, m.p, 248-250° C. (from 2,3- 
naphthalene diol) 

EXAMPLE 13 

2-Amino-6-methoxy-4-(3-nitrophenyl)-4H-naphthoI2 l 1-b]pyran-3-carbonitrile, m.p. 251-252.5° C. (from 7-me- 
thoxy-2-naphthol) 

EXAMPLE 14 

2-Amino-3-cyano-4-(3-methoxyphenyl)-4H-naphtho[2.1-b]pyran-7-carboxylic acid, m.p. >300° C. 
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(from 6-hydroxy-2-naphthoic acid) 
EXAMPLE 15 

2-Aminc-3^yancMt^3^rboxyphenyl)-4H-naphtho[2,1-b]pyran-7-carboxyllc acid, m.p. >260° C. 
(from 6-hydroxy-2-naphthoic acid) 

EXAMPLE 16 

2-Amino-3-cyano-4-[3-(trifluorarnemo^^ 263-266° C. 

(from 6-hydroxy-2-naphthoic acid) 

EXAMPLE 17 

Ethyl 3-cyano-2-ethoxymethyleneamino-4-(3-nitrophen^ 

2-Amino-3-cyancK4-(3-nftrophenylHH-napM acid (3.26 g) was suspended 

magnetically in triethyl orthoformate (40 ml) and brought to reflux temperature. After a few hours at this tem- 
perature a fraction coming over at 80-120° C. was distilled off. More triethyl orthoformate (20 ml) was added 
and the refluxing was continued for 18 to 24 hours. The solution was evaporated to dryness, and the residue 
was triturated with methanol and recrystallized from ethyl acetate to give white crystals, m.p. 187.5-189.5° C. 

The following. formulations illustrate the invention: 

EXAMPLE 18 

Soft gelatin capsule 

Each soft gelatin capsule contains: 



Active ingredient 


150 mg 


Arachis oil 


150 mg 



After mixing together, the blend is filled ™to soft gelatin capsules using the appropriate equipment 
EXAMPLE 19 

Hard gelatin capsule 

Each capsule contains: 



Active ingredient 


50 mg 


PEG 4000 


250 mg 



The. PEG 4000 is melted and mixed with the active ingredient While still molten, the mixture is filled into 
capsule shells and allowed to cool. 

EXAMPLE 20 

Tablets each containing 10 mg of active ingredient are made up as follows: 

Active ingredient 10 mg 
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Starch 160 mg 

Microcrystalline cellulose 100 mg 

Polyvinylpyrrolidone (as 10% solution in water) 13 mg 
Sodium carboxymethyl starch 14 mg 

Magnesium stearate 3 mg 



Total 



300 mg 



15 



20 



The active ingredient, starch and cellulose are mixed thoroughly. The solution of polyvinylpyrrolidone is 
mixed with the resultant powders and passed through a sieve. The granules so produced are dried and re-pas- 
sed through a sieve. The sodium carboxymethyl starch and magnesium stearate are then added to the granules 
which, after mixing, are compressed in a tablet machine to yield tablets each weighing 300 mg. 

EXAMPLE 21 

Capsules each containing 20 mg of medicament are made as follows: 



Active ingredient 


20 


mg 


Dried starch 


178 


mg 


Magnesium stearate 


2 


mg 


Total 


200 


mg 



40 



50 



55 
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TABLE 1 



15 



35 



Example 


PA ED50 


3^-Thymidine IC50 




(UM) 


(UM) . 


2 


0.7 


2.5 


3 


. >20 


8.0 


4 


>20 


' >30 


5 


0.7 


1.8 


6. 


.1 


2.0 


7 


* 


2.0 


8 


9 


1.5 


9 


>20 


>3.0 . 


10 . 


0.05 


0.5 


11 


>20 


>30 


12 


0.65 


3.0 


13 


. >20 


>3.0 


14 


■ >100 




15 


5.0 


* 


16^ 


>100 


* 


17 


8 


6.0 



40 

- *indicates data are not available 



45 

Claims 

1 . A compound of the formula 

50 



55 
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35 



45 



55 




wherein n and m are independently 0, 1 or 2; 

Ri is halo, trifluoromethyi, C r C 4 alkoxy, hydroxy, nitro, d-C 4 alky), C r C 4 alkylthio, hydroxy-C r C4 alkyl, 
20 hydroxy-C r C 4 alkoxy, trifluoromethoxy, carboxy, -GOORs where Rg is an ester group, -CORe, -CONRflR T 

or -NRflR 7 where R« and R 7 are each hydrogen or C r C 4 aikyl; 

R 2 is hato, trif luoromethyl, C r C 4 alkoxy, hydroxy, nitro, C r C 4 aikyl, C,-C 4 alkylthio, hydroxy-C r C 4 alkyl, 
hyd.r0xy-Cr.C4 alkoxy, trifluoromethoxy, carboxy, -COO Rq where Ra is an ester group, -COR9, -CONRgR 10 
or -NRftR 10 where Rq and R 10 are each hydrogen or C!-C 4 alkyl; 
25 R 3 is nitrite, carboxy or -COOR^ where R n is an ester group; and 

is -NR 12 R 13 , -NR 12 COR 13 , -N(COR 12 ) 2 or -N=CHOCH 2 R 12 where R 12 and R, 3 are each hydrogen or C r 
C 4 alkyl, or 



O 

n 



-<> 
ii 

■ O 

where X is Cj-C* alkyl en e, 

or option ally substituted 1 -pyrrol yl; provided that 

i) when m is 0, R3 is nitrite and R4 is -NH 2 , n is not 0 and -(R t ) n is not 2-f luoro, 2-chloro, 2-methoxy, 3- 
fluoro, 3-nitro, 4-methyl, 4-methoxy or 3,4-dimethoxy, and 

ii) when m is 0, Ra is -COOC2H 6 and R4 is -NH 2) n is not 0 and -<Ri) n is not 2-f luoro or 2-chloro; 
or a pharmaceuticaHy-acceptable salt thereof. 

2. A compound according to Claim 1 wherein n and m are independently 0, 1 or 2; 
Ri is halo, nitro, trif luoromethyl or C r C 4 alkoxy; 

R 2 is hydroxy, carboxy or CrC 4 alkoxy; 
R 3 is nitrile; and 
R4 is -NH 2 . 

3. A compound as claimed in Claims 1 or 2 for use as a pharmaceutical. 

4. A compound as claimed in Claim 1 or 2 for use in the treatment of an immune disease or a disease in 
which excess cell proliferation or enzyme release occur. 

5. A pharmaceutical formulation comprising as an active ingredient a compound as claimed |n Claim 1 or 2, 
associated with one or more pharmaceutical^ acceptable carriers, excipients; or diluents therefor. 
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